A cross sectional radiological survey of workers exposed to pottery dust during the manufacture of wall tiles and bathroom fittings was conducted in a South African factory. Roughly one third of workers with 15 or more years of service in high dust sections of the factory had pneumoconiosis. Previously undiagnosed advanced cases, including two with progressive massive fibrosis, were working in dusty occupations. A firm diagnosis of potters' pneumoconioisis was made in 11 of the 358 workers radiographed; all had served more than 10 years suggesting that radiography of workers with more than 10 years service would be a successful case finding strategy in South Africa. A combination of rounded and irregular opacities was the most common radiological finding in the workers with pneumoconiosis (55%). Three readers reported on the chest radiographs, and all found an association between small radiological opacities, which were usually irregular or a combination of irregular and rounded, and exposure to pottery dust. The occurrence of irregular radiological opacities in workers exposed to pottery dust deserves further study. The least experienced reader significantly associated age with small opacities when duration of service (years) was used to measure exposure to dust. Sex was not an important predictor of radiological changes consistent with pneumoconiosis. Breast shadows were not an important cause of false positive readings and participating women did not develop pneumoconiosis after less exposure than men.
advanced cases, including two with progressive massive fibrosis, were working in dusty occupations. A firm diagnosis of potters' pneumoconioisis was made in 11 of the 358 workers radiographed; all had served more than 10 years suggesting that radiography of workers with more than 10 years service would be a successful case finding strategy in South Africa. A combination of rounded and irregular opacities was the most common radiological finding in the workers with pneumoconiosis (55%). Three readers reported on the chest radiographs, and all found an association between small radiological opacities, which were usually irregular or a combination of irregular and rounded, and exposure to pottery dust. The occurrence of irregular radiological opacities in workers exposed to pottery dust deserves further study. The least experienced reader significantly associated age with small opacities when duration of service (years) was used to measure exposure to dust. Sex was not an important predictor of radiological changes consistent with pneumoconiosis. Breast shadows were not an important cause A cross sectionai study to identify workers with pneumoconiosis was conducted in a South African pottery manufacturing wall tiles and sanitary ware. A detailed investigation of concentrations of dust in workplace air was undertaken at the same time (results of this investigation and the work process at the factory are reported in a companion article'). The data gathered during the study were used:
(1) to calculate the prevalence rates of pneumoconiosis, (2) to describe the radiological features of a series of cases with potters' pneumoconiosis. This objective was included as there are few recent publications on this subject.23 The 1980 version of the International Labour Office (ILO) international classification of radiographs of pneumoconioses4 has thus been applied infrequently to describe potters' pneumoconiosis and the radiological features of the condition are not as well described, in present day terminology, as might be expected. This would be unimportant if these workers were exposed to quartz only; the radiological picture of silicosis is well known, but, as they are exposed to kaolin and quartz,' silicosis, mixed dust fibrosis,5 and kaolinosis,' or a combination, are possible in theory. The effects of these conditions are less well established.
(3) to describe the histological findings in a case of potters' pneumoconiosis. This objective was possible as one of the workers with pneumoconiosis died shortly after the study and a post mortem examination was performed.
(4) to investigate the relation between opacities on the chest radiographs and age, smoking, sex, and exposure to pottery dust so that factors influencing the x ray film readers to report opacities could be identified. This analysis was undertaken so that the significance of small opacities, particularly irregular opacities, in the diagnosis of pneumoconiosis in pottery workers could be evaluated.
Subjects and methods

THE WORKPLACE AND SURVEY PROCEDURE
The factory, which employed 509 workers, made wall tiles and small bathroom fittinigs. The raw materials, work processes, and respirable dust concentrations in air in the workplace are described
The survey was conducted at the workplace over a convenient two week period. After obtaining written consent, a questionnaire covering personal details and occupational history was administered by the principal researcher or a trained nursing sister based at the workplace. A full sized, 80 kV, posteroanterior chest radiograph was taken for each participating worker using a mobile x ray machine.
To increase the response rate of workers with relatively long duration of service, all workers with more than four years of service were identified using personnel department records, and were encouraged to participate. This resulted in 87% (256) Cumulative exposure index for quartz (quartz index) was calculated for individual workers by summing the products of the exposure index and years of service for each section of the workplace in which a worker had ever worked.
The quartz index was based on median dust concentrations, a slightly more conservative measure of average respirable dust concentrations than the mean.' This did not materially affect the index as the mean and median concentrations were sufficiently similar to make the index about the same when calculated from either. For example, the quartz index (mean) and quartz index (median) for 10 years in a high exposure area was 85 and 65 respectively, both substantially larger than the quartz index of 10 for 10 years in a low exposure area.
Respirable dust concentrations were not measured in every section of the factory; forty nine workers who had service in unmeasured sections were excluded from the calculation of the quartz index. Forty three with two or more years service in any dusty workplace other than the study workplace were also excluded.
DATA ANALYSIS
Stepwise logistic regression was used to investigate the relations between the outcome variable small opacities 1/0 or more, and the independent variables, duration of service, quartz index, age, sex, and smoking (current or never only; ex-smokers (n = 36) were excluded). Small opacities were considered as a dichotomous variable, with profusion 1/0 or greater representing a positive outcome.
Stepwise multiple linear regression analysis was used to examine the relation between profusion of opacities and the variables, quartz index, sex, age, and smoking. Profusion of opacities was scored on a scale of 1 to 12 (0/-to 3/+) and was based on the median profusion of the three readers. For example, 1/1, 1/0 and 1/1 would have a median of 1/1 and be scored 5 on the 12 point scale.
Data were analysed with the help of BMDP statistical software.9 Table 1 presents radiological changes consistent with pneumoconiosis for individual readers by shape of small opacity and progressive massive fibrosis. Reader 3 found a crude prevalence of changes consistent with simple pneumoconiosis of 109/1000, much higher than the other two (36 and 34/1000). Progressive massive fibrosis was diagnosed in two Tables 1 and 2 show the nature of the radiological opacities. Irregular opacities were reported as the only opacity in a fairly large percentage of abnormal chest radiographs by all three readers (15%, 50%, and 51%; table 1), suggesting that irregular opacities may be a feature of potters' pneumoconiosis. As pneumoconiosis was accepted only when at least two readers reported opacities, however, irregular opacities were less prominent (table 2). Cases 1-3 probably did not have potters' pneumoconiosis. Of the remaining 11 only one case (11) had irregular opacities alone (these were associated with progressive massive fibrosis) but six (55 %) had both rounded and irregular opacities. Rounded opacities were more frequently reported in the cases with greater profusion of opacities. tEgg shell calcification of hilar glands. The difference in frequency of opacities reported by the three readers (table 1) as well as the large proportion of abnormal radiographs with irregular opacities found by readers 2 and 3 in particular, prompted an analysis of the factors influencing the reading of these radiological changes. Stepwise logistic regression was used to analyse the data. Workers satisfying entry criteria for the stepwise logistic regression, as described in the methods sections on exposure to fibrogenic dust and data analysis, are presented in table 3. Reader 3 found many more workers with small opacities than did either reader 1 or 2 (29, 9, and 10 respectively for duration of service). Not shown in table 3 is that most of these opacities reported by reader 3 were irregular only (51%) or a combination of irregular and rounded (31%). Reader 1 found 67% to be a combination of irregular and rounded and 22% to be rounded opacities only, whereas reader 2 observed 60% to have irregular and 30% to have rounded opacities. Men and women with long service, as well as current and non-smokers, were well represented in the duration of service and quartz index groups. Table 4 gives the results of the logistic regression. The associations between the explanatory variables, exposure (as duration of service or quartz index), smoking, age, and sex, and the outcome variable (small opacities 1/0 or greater) are presented. Readers 1 and 2 were similar in that the variable which explained most of the variance in the outcome variable was exposure. When exposure was measured as duration of service, smoking was a significant independent predictor of small opacities by both these readers (p < 0 05). Age and sex were associated with small opacities by reader 3 and reader 2 respectively. Combining the three readers by considering opacities present only when two or more readers agreed resulted in a significant association between sex and small opacities. Because only one woman had opacities in the combined readers' series it can be concluded that being a man was independently associated with a positive x ray film reading.
Results
PREVALENCE OF PNEUMOCONIOSIS
One explanation for the difference between reader 3 and the other readers is that reader 3 read the radiological effects ofaging into the ILO classification. To examine this hypothesis more closely the possible confounding effects of smoking were removed by repeating the logistic regression for non-smokers only. The non-smokers were predominantly women (80%) but the mean ages of smokers and nonsmokers were similar (within one year). Readers 1 and 2 reported a positive outcome for small opacities in only two non-smokers; further analysis of these two readers was, therefore, not performed. Reader 3 found 10 non-smokers with small opacities; these were irregular in five, mixed in four, and rounded in 1. Table 5 shows the results of the logistic regression analysis. Despite the fact that rounded opacities occurred in only one worker, the cumulative exposure index for quartz was a significant independent predictor of a positive outcome in non-smokers. Age was associated with small opacities when duration of service, the most time dependent measure of exposure, was an explanatory variable in the regression equation.
The stepwise multiple linear regression analysis showed a relation between profusion of opacities and the independent variables quartz index and sex only. This relation is described by the regression line: profusion of opacities = 183 + 0-14 x quartz index -0-3 x sex, where sex was a dummy variable with 0 being men and 1 women. The coefficient of determination (R2 x 100%) was 32-5% and quartz index entered the stepwise analysis first.
Discussion
The first objective of this study was to examine prevalence of pneumoconiosis. Applying relatively stringent diagnostic criteria (at least two readers diagnosing pneumoconiosis and exclusion of three cases unlikely to be potters' pneumoconiosis) resulted in a prevalence of 43/1000 for workers with more than four years of service. The good response rate of workers in this category of service (87%) increases the probability that this is an accurate measure of prevalence of pneumoconiosis in this factory. Of greater interest is the finding that about one third of long service (15 or more years) workers exposed to high dust had pneumoconiosis. This high proportion did not result in a large number of cases of pneumoconiosis as only a small number of workers had long service. It is anticipated, however, that an increasing proportion of South Africans will work for long periods in one job. Consequently an increase in the number of workers with occupational lung disease will occur unless dust control is improved.
All 11 workers with a firm diagnosis of potters' pneumoconiosis (cases 4-14, table 2) had more than 10 years of exposure to pottery dust. This suggests that if workers with 10 or more years of service in dusty sections of South African potteries were radiographed, a large proportion of currently employed workers with pneumoconiosis would be identified. Radiography of these workers with long service should thus form the first step in a strategy to identify South African pottery workers with pneumoconiosis. Studies elsewhere support the view that few cases would be missed if this plan were implemented. For example, Swaen et al'0 found 33 cases of silicosis in 1975 workers at two large Dutch earthenware factories; all of them had more than 10 years of service. The need to consider simple case finding strategies is shown by the identification of people with previously undiagnosed advanced pneumoconiosis, including progressive massive fibrosis, working in dusty areas of the study factory. The presence of advanced undetected cases can be explained by the absence of systematic monitoring of workers for occupational lung disease. This is not unusual as there are no statutory obligations for the medical examination of South African workers in non-mining industries. Regulations to rectify this situation are required urgently.
Only 11 workers were accepted as definite cases of potters' pneumoconiosis thus limiting the number of people in whom the radiological features of this condition could be examined. Nevertheless, it is of interest that six of these 11 workers had a combination of irregular and rounded opacities, and that only four (36%) had purely rounded opacities. Small opacities typical of the shape most commonly seen in simple silicosis (rounded opacities 1-3 mm in size"1)
were, therefore, reported less frequently than expected. One possible explanation for this finding is that exposure to respirable dust containing more than one fibrogenic material (quartz and kaolin) produced radiological features different from those most commonly seen in pneumoconiotic subjects exposed only to quartz.
It should be noted though that this series was identified during a cross sectional survey that omitted an unknown number of workers with pneumoconiosis who had left the factory before the survey. It is possible, therefore, that chance or an unidentified selection bias resulted in an unusual collection of pneumoconiotic subjects. Also, entered into the Swedish Pneumoconiosis Registt had a shorter duration of service in dusty workplace than men with silicosis. One explanation offered by the authors is that women are at an increased risk, at the same level of exposure, of developing silicosis. Our study provided data to test their hypothesis as women had long service in dusty occupations (for example, fettling) in bathroom fitting and tile manufacture, both high dust sections of the factory.' Little support for an increased risk in women could be found as only one woman had a firm diagnosis of pneumoconiosis and the regression analyses (logistic and stepwise linear) showed an association between being male and small opacities. Also it can be concluded that breast shadows did not cause readers to report opacities.
In summary, an association between small opacities, which were usually irregular or a combination of irregular and rounded, and exposure to pottery dust was found by all three readers. Age was significantly associated with a positive reading by the least experienced reader provided smokers and nonsmokers were grouped together or duration of service was used to measure exposure to dust. Smoking was only important if duration of service provided the measure of exposure. Sex was not an important predictor of radiological changes consistent with pneumoconiosis.
In conclusion, this study showed that pneumoconiosis remains an important occupational health issue for the South African pottery industry as a high proportion of long service workers with high exposure had the disease and because workers with undetected advanced pneumoconiosis were working in dusty occupations. The occurrence of irregular radiological opacities in workers exposed to pottery dust deserves further attention. 
